Signal enhancement of silicon nanowire-based biosensor for detection of matrix metalloproteinase-2 using DNA-Au nanoparticle complexes.
Silicon nanowires have been used in the development of ultrasensitive biosensors or chemical sensors, which is originated in its high surface-to-volume ratio and function as field-effect transistor (FET). In this study, we developed an ultrasensitive DNA-gold (Au) nanoparticle complex-modified silicon nanowire field effect transistor (SiNW-FET) biosensor to detect matrix metalloproteinase-2 (MMP-2), which has been of particular interest as protein biomarker because of its relation to several important human diseases, through an enzymatic cleavage reaction of a specific peptide sequence (IPVSLRSG). SiNW patterns with a width of 100 nm and height of 100 nm were fabricated on a p-type silicon-on-insulator (SOI) wafer by electron-beam lithography. Next, negatively charged DNA-Au nanoparticle complexes coupled with the specific peptide (KKGGGGGG-IPVSLRSG-EEEEEE) were applied on the SiNWs to create a more sensitive system, which was then bound to aldehyde-functionalized SiNW. The enhanced negatively charged nanoparticle complexes by attached DNA were used to enhance the conductance change of the p-SiNW by MMP-2 cleavage reaction of the specific peptide. MMP-2 was successfully measured within a range of 100 fM to 10 nM, and the conductance signal of the p-type SiNW by the MMP-2 cleavage reaction was enhanced over 10-fold by using the DNA-Au nanoparticle complexes compared with using SiNW-attached negative single peptide sequences.